ABSTRACT Addition of the human placental RNase inhibitor at 10 ,jg/ml to a mixture of wheat germ extract and translation components, prior to the addition of mRNA from dog pancreas or influenza virus-infected cells, resulted in a significant increase in the yield of proteins synthesized. Analysis of the translation products by sodium dodecyl sulfate/polyacrylamide gel electrophoresis indicated that the inhibitor preferentially increased the yield of the larger proteins. In the presence of the inhibitor, yields of the preprocarboxypeptidases were increased 4.5-fold and yields of preamylase were increased 15-fold. Incubation of the wheat germ extract or individual translation components with dog pancreas mRNA, with or without the placental inhibitor, indicated significant RNase contamination among the fractions. Two other in vitro protein synthesis systems-the reticulocyte lysate system and the Krebs ascites system-were found to contain latent RNase activity (RNase in complex with the inhibitor) and an excess of RNase inhibitor. The addition of placental RNase inhibitor did not increase the yield in these systems, except in those cases in which the RNase contamination approached the amount of endogenous inhibitor. When used during the isolation of rat liver cell fractions, the placental inhibitor increased the yield (as measured by A260) of rough microsomes and detached polysomes by 24% and 4.6-fold, respectively. Analysis of translation products indicated that detached polysomes isolated in the presence of the inhibitor were intact; those isolated in the absence of inhibitor were degraded. Efficient in vitro protein synthesis depends upon maintenance of the integrity of mRNA not only during its isolation from the tissue but also during its translation in vitro. RNase activity has been observed in vitro in the wheat germ system (1, 2) and was thought to be present primarily as a contaminant among the translation components (3, 4). RNase activity would be expected to affect particularly the translation of large mRNAs because they present larger targets for an endonuclease. Mammalian tissues contain a potent inhibitor of their neutral RNase activity (5). Moreover, the endogenous RNase inhibitor, present in the high-speed supernate of rat and chicken livers, has been shown to improve the preparation of intact polysomes from these tissues (6-11).
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A method for the purification of the RNase inhibitor from human placenta (Ki = 3 X 10-10 M for bovine pancreatic RNase A) in large yield and stable form has been reported (12 ,Ml was applied to the gel. Equal volumes of translation assay mixtures were taken to examine total synthesis (see Fig. 1B ) or samples were adjusted to equalize cpm incorporated into protein in order to examine the relative distribution of proteins synthesized (see Table 2 ). Polyacrylamide gel electrophoresis (1-mm-thick slab) in NaDodSO4 was performed according to Maizel (22) with a 5% polyacrylamide stacking gel and a 12-17% (linear gradient) polyacrylamide separation gel. Electrophoresis was carried out for 16 hr at 2 mA per 13-mm sample slot. After electrophoresis, the gels were stained and destained as described (23) and prepared for fluorography as described by Bonner (Fig. 1A) was nearly linear throughout the first 60 min of translation. Then the rate of incorporation decreased and reached a plateau after 90-120 min. In the presence of placental RNase inhibitor at 10 yg/ml, both the rate and extent of protein synthesis were increased. In the experiment shown, an increase of 49% was observed at 120 min. After the termination of translation, the products were separated by gradient polyacrylamide gel electrophoresis in NaDodSO4 and examined by fluorography (Fig. 1B) . Increased intensity of the bands was found for those proteins synthesized in the presence of RNase inhibitor, particularly for those of higher molecular weight. This increase in synthesis of larger proteins was found consistently with different preparations of wheat germ extract. This has also been the case in experiments in which the stimulation of incorporation of either "4C-labeled amino acids or a5S-labeled methionine into protein was less than that shown in Fig. 1A .
The relative amounts of three groups of proteins of different sizes synthesized by the in vitro wheat germ system and those observed in cellular synthesis are compared quantitatively in Table 2 . The wheat germ system system without inhibitor synthesized preamylase (Mr 55,000) and the preprocarboxypeptidases (Mr 46,000) poorly. In the presence of RNase inhibitor, there was >10-fold increase in preamylase synthesis and with (track b) placental inhibitor at 10 ,ug/ml were prepared for NaDodSO4/polyacrylamide gel electrophoresis and fluorography. The
Mr values shown at the right (X 10-3) correspond to those of the presecretory proteins preamylase (55,000), preprocarboxypeptidases (46,000), and the serine preproteases (27,000) (23, 27, 28) . and a 3-fold increase in the synthesis of the preprocarboxypeptidases; the synthesis of the serine preproteases (Mr t 26,000) was increased by about 20%. The data in Table 2 demonstrate that the inhibitor does not simply increase the overall rate of protein synthesis; if it had, the distribution of [35S]methionine among the protein groups would have remained unaltered. The combination of increased incorporation of radioactivity, as demonstrated in Fig. 1A , and the improved distribution seen in Table 2 demonstrates an overall 4.5-fold increase in the synthesis of the preprocarboxypeptidases and a 15-fold increase in the synthesis of preamylase.
We have compared the translation of mRNA from influenza virus A/WSN-infected HeLa cells (gift from Robert Lamb of the Rockefeller University) by the wheat germ system with and without RNase inhibitor. In the presence of RNase inhibitor, we observed an increase (10%) in the incorporation of [35S]-methionine into trichloroacetic acid-precipitable protein. Again, the RNase inhibitor also significantly improved the translation of specific viral proteins by the wheat germ system (Fig. 2) . Synthesis of the higher molecular weight proteins-e.g., the hemagglutinin (75,000) and PI, P2, and P3 proteins (85,000-96,000) was markedly increased. Furthermore, by the use of the placental RNase inhibitor under the conditions that we have described (31) , Robbi Proc. Natl. Acad. Sci. USA 76 (1979) The major source of RNase activity arises not from ti germ but from the other components of'the translati mixture. To demonstrate the cumulative effect of cont RNase activities on mRNA stability, a complete mi translation components, excluding the wheat germ ext] incubated with pancreatic polyadenylylated mRNA, without RNase inhibitor (10 Ag/ml). Residual mRNA was assayed as described above. The translation produ examined by NaDodSO4/polyacrylamide gel electro followed by fluorography. Incubation of the mRNA' combined components amplified the effect of contl RNase and led to an almost complete loss of mRNA (Fig. 3, track a) . With the RNase inhibitor present (trac] RNase action was inhibited and the mRNA retained tivity. Similarly, when mRNA was incubated with RN 0.25 ,gg/ml, more than 100 times the total contaminan activity, the mRNA was completely degraded (track RNase inhibitor present (at 10 ,g/ml) during incubatic d) the mRNA retained full translational activity.
Effect of RNase Inhibitor on the Stability of Rot crosomes and Detached Polysomes from Rat Liver placental RNase inhibitor at 10 ,ug/ml was include' discontinuous sucrose gradient used to isolate rough somes, a 24% increase in their yield (as measured by abs at 260 nm) was obtained (Table 3) . During the prepar detached polysomes, a 4.6-fold increase in their yield on A260) was obtained.
The isolated rough microsomes and detached polysom examined for RNase activity by incubating each cell f with or without RNase inhibitor for 30 min at 240C. 
DISCUSSION
When added to the wheat germ system during in vitro translation, the RNase inhibitor protects mRNA from degradation by RNase present as a contaminant among the components of the system. The result is a significant improvement in yields of proteins synthesized, as measured by incorporation of radioactivity into protein. Syntheses of high molecular weight proteins are markedly increased. Despite optimal concentrations of K+, Mg2+, and spermine (1, 2, 33) , the in vitro wheat germ system with added RNase inhibitor did not synthesize dog pancreas secretory proteins with the same distribution as that observed in vivo. Therefore, other factors must also contribute to the efficiency of translation of individual mRNAs in vitro. One factor may be the small amount of inhibitor-insensitive RNase activity found in the wheat germ extract.
Addition of the placental RNase inhibitor to either reticulocyte lysate or mouse Krebs ascites systems in general had little effect on in vitro protein synthesis. These systems were found to contain RNase fully inhibited by an excess of endogenous RNase inhibitor. To maintain and utilize this endogenous RNase inhibitor activity, we recommend that these systems be prepared and stored in buffer containing a minimum of 2 mM dithiothreitol (12) . However, when the RNase contamination among the components exceeded the amount of endogenous RNase inhibitor in the reticulocyte system, the placental RNase inhibitor had a demonstrable effect, similar to that seen in the wheat germ system.
The choice of an in vitro translation system for optimal synthesis of a particular protein will depend upon the efficiency of translation of its mRNA in that system. The reticulocyte lysate system was found to translate the larger dog pancreas mRNAs more efficiently than did the wheat germ system with added RNase inhibitor. However, the wheat germ system with RNase inhibitor was more efficient than the reticulocyte lysate for the translation of the larger influenza virus mRNAs.
In the application of RNase inhibitor to the isolation of cell fractions that contain mRNA, rat liver was chosen for study because rough microsomes and detached polysomes from this tissue contain considerable quantities of RNase. Initially, the procedure takes advantage of the endogenous RNase inhibitor present in the tissue. Although rough microsomes were found to be relatively stable during isolation, as judged by specific activity, addition of RNase inhibitor to the discontinuous sucrose gradient improved their yield as measured by A260. After isolation, rough microsomes required the presence of placental RNase inhibitor for retention of full translational activity. Assays for RNase, RNase inhibitor complex, and free RNase inhibitor demonstrated both latent RNase and free inhibitor in the high-speed supernate. This finding accounts for the relative stability of rough microsomes during their isolation. After isolation, however, rough microsomes contained RNase complexed with inhibitor but no free RNase inhibitor. In the absence of free inhibitor, the equilibrium between RNase and its inhibitor would favor dissociation of the complex to yield active enzyme, which would then affect the stability of mRNA associated with the microsomes. The deoxycholate used to solubilize the microsomal membranes for the preparation of detached polysomes appears to release additional RNase from the microsomes. In the absence of excess RNase inhibitor this RNase activity degraded the polysomes during their isolation. This activity could be fully inhibited by the human placental RNase inhibitor.
Based on the studies presented here, we recommend that the RNase inhibitor, a protein readily available from human placenta (12) , be used during in vitro translation studies, specifically as an additive to the wheat germ extract prior to the addition of mRNA, to the translation system components prior to their mixture with mRNA, and during the isolation of mammalian cell fractions that contain mRNA-protein.
